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The title structure, [Fe 2 (CsH5) 2 (C 14 H 19 BBrN)], contains a 
chiral and asymmetrically 2,2"-disubstituted biferrocene 
designed as precursor for enantioselective non-C 2 -symmetric 
biferrocenyldiphosphine catalysts. The mean bond lengths in 
the biferrocene unit are Fe — C = 2.048 (10) A and C— C = 
1.427 (8) A within the cyclopentadienyl rings. The B— N bond 
lengths of the BH 3 protected amine is 1.631 (3) A. The 
interplanar angle between the two connected cyclopenta- 
dienyl rings is 54.29 (8)° and the corresponding Fe — Cg— Cg— 
Fe torsion angle is —52.5°. The conformation of the molecule 
is stabilized by an intramolecular C— H- ■ Br interaction. 

Related literature 

For general information on ferrocene-based diphosphines and 
their applications in asymmetric catalysis, see: Togni (1996); 
Blaser et al. (2007); Dai & Hou (2010). For the synthesis, 
coordination behavior and use in asymmetric catalysis of 
ligands based on biferrocenes, see: Sawamura et al. (1991); 
Nettekoven et al. (2000); Xiao et al. (2002); Espino et al. 
(2009); Kuwano (2010). For synthetic aspects of the title 
compound, see: Wang et al. (2011). 




Experimental 

Crystal data 

[Fe 2 (C 5 H 5 ) 2 (C 14 H 1() BBrN)] 
M r = 533.90 
Orthorhombic, P2 l 2 1 2 1 
a = 8.8791 (2) A 
b = 9.2210 (2) A 
c = 27.1292 (6) A 

Data collection 

Bruker Kappa APEXII CCD 

diffractometer 
Absorption correction: multi-scan 

(SADABS; Bruker, 2008) 
= 0.54, r max = 0.75 

Refinement 

R[F 2 > 2a(F 2 )} = 0.023 

wR(F 2 ) = 0.054 

S = 1.07 

6489 reflections 

266 parameters 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 2221.18 (9) A 3 
Z = 4 

Mo Ka radiation 
fj, = 3.12 mm -1 
T = 100 K 

0.33 x 0.27 x 0.21 mm 



34891 measured reflections 
6489 independent reflections 
6288 reflections with / > 2o'(7) 
R inl = 0.034 



Ap miu< = 0.69 e A 

Ap mi „ = -0.31 e A~ 3 

Absolute structure: Flack (1983), 

2807 Friedel pairs 
Flack parameter: 0.002 (5) 



D-H-A 


D-H 


H-A 


D- ■ A 


D-H-A 


C21-H21-Brl 


1.00 


2.79 


3.7154 (17) 


154 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT and XPREP (Bruker, 2008) 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: Mercury (Macrae et al, 2006); software used to 
prepare material for publication: PLATON (Spek, 2009) and 
publCIF (Westrip, 2010). 
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{(^,5'F C ^F C )-2 M -Bromo-2-[l-(dimethylamino)ethyl-/dV]-l,l"-biferrocene}trihydridoboroii 
Y. Wang, A. Zirakzadeh, W. Weissensteiner and K. Mereiter 

Comment 

Chiral non-racemic ferrocenyldiphosphines are widely used as ligands for highly enantioselective transition metal catalysts 
(Togni, 1996; Blaser et al, 2007; Dai & Hou, 2010). Most of these ferrocenyldiphosphines are based on a planar chiral 
1,2-disubstituted monoferrocene backbone. On the contrary, comparatively few chiral biferrocene derivatives are in use 
because they tend to be restricted to C2-symmetric entities like the BIFEP and TRAP biferrocene diphosphine ligands 
obtained by homocoupling of iodo ferrocene derivatives, which curtails their modularity (Sawamura et al, 1991; Nettekoven 
et al., 2000; Xiao et al. , 2002; Espino et al. , 2009; Kuwano, 2010). Within a research program to open new synthetic pathways 
for asymmetrically substituted chiral non-racemic biferrocene diphosphines (Wang et al, 2011) the title compound, (I), 
was obtained as an intermediate and studied by X-ray crystallography in order to fix its absolute configuration. A view 
of the asymmetric unit of (I) (Fig. 1) reveals that the compound has a planar-chiral 5,5-configuration for the biferrocene 
fragment. Fe — C and ring C — C bond lengths show usual values (Fe — C = 2.015 (2) to 2.062 (2) A, mean value 2.048 (10) 
A; C — C = 1.417 (3) to 1.444 (3) A, mean value 1.427 (8) A) and both ferrocene groups have approximately staggered 
pairs of rings. The interplanar angle between the cyclopentadienyl rings CI trough C5 (ring 1) and Cll through C15 (ring 
3) is 54.29 (8)° and the torsion angle Fel — Cgl — Cg3 — Fe2 = -52.5° (Cgl and 3 are the corresponding ring centroids). 
The dimethylamino and the BH3 group are exo-oriented displaying torsion angles of Fel — C2 — C21 — Nl = 177.44 (12)° 
andC2— C21— Nl— Bl = 176.91 (15)°. The bond lengths CI 2— Br 1 = 1.8913 (19) A and Nl— Bl = 1.631 (1) A adopt 
normal values, similar to a diastereomer of (I) (Wang et al, 2011). The conformation of the molecule is stabilized by the 
intramolecular C21 — H21- Brl interaction with C— Br = 3.716 (2) A. The arrangement and cohesion of the molecules in 
the crystal lattice (Fig. 2) is essentially based on unremarkable van-der-Waals interactions. 

Experimental 

To a stirred solution of (7?,5F C ,»S'Fc)-2"-bromo-2-[l-A r ,A r -(dimethylamino)ethyl]-l,l"-biferrocene (100 mg, 0.19 mmol; Wang 
et al, 2011) in THF (3 ml) was added BH3.THF (1 M, 0.7 ml, 0.7 mmol) at 0 °C. Stirring was continued for 1 h at r.t. before 
the reaction mixture was quenched at 0 °C by dropwise addition of water. The organics were extracted with dichloromethane, 
the combined solutions were washed with water and dried with MgS04. The solvents were removed and the residue was 
purified by chromatography (aluminium oxide, eluent CH2CI2). Crystals suitable for X-ray diffraction were obtained from 
ethyl acetate by slow evaporation at r.t.. 

L HNMR (400 MHz, CDCI3) 5 1.09-2.00 (br s, 3H, HI), 1.81 (s, 3H, H23), 1.84 (d, .7=6.9 Hz, 3H, H22), 2.13 (s, 3H, 
H24), 3.94 (dd, /i= 2.6 Hz, J 2 = 1.6 Hz, 1H, H15), 4.05 (q, J= 6.9 Hz, IH, H21), 4.09 (dd, J\ = J 2 = 2.6 Hz, 1H,H14), 4.36 
(s, 5H, H16-H20), 4.36-4.38 (m, 1H, H3), 4.39 (s, 5H, H6-H10), 4.43(dd, J\ = J 2 = 2.5 Hz, 1H, H4), 4.50 (dd, J\= 2.5 Hz, 
J 2 = 1.5 Hz, 1H, H5), 4.64 (dd, J]= 2.6 Hz, J 2 = 1.6 Hz, 1H, H13). 
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13 C{ ! H} NMR (100.6 MHz, CDC1 3 ):§ 17.8 (C22), 44.6 (C24), 52.5 (C23), 63.2 (C21), 66.5 (C14), 67.6(C4), 67.8 (C3), 
69.3 (C5), 70.9 (5 C, C6-C10), 71.6 (5 C, C16-C20), 72.2 (C13),72.3 (C15). 

Refinement 

All H atoms were placed in calculated positions and thereafter treated as riding, C — H = 0.95 - 1.00 A, B — H = 0.98 A. 
^Tso(H) = 1.2(7 e q(C) for CH groups. (7i S0 (H) = 1.5J/ e q(C,B) for CH3 and BH3 groups, which were refined with a torsional 
parameter. 



Figures 




Fig. 1. The asymmetric unit of the title compound with displacement ellipsoids for the non- 
hydrogen atoms drawn at the 50% probability level. 



Fig. 2. Crystal structure of the title compound with view along the crystallographic b-axis. 



{(/?,SF C ,SF C )-2"-Bromo-2-[1-(dimethylamino)ethyl- kN]-1,1 "-biferrocene}trihydridoboron 



Crystal data 

[Fe 2 (C5H 5 ) 2 (C 14 H 19 BBrN)] 
M r = 533.90 
Orthorhombic, P1\X\1\ 
Hall symbol: P 2ac 2ab 
a = 8.8791 (2) A 
6 = 9.2210 (2) A 
c = 27.1292 (6) A 

V= 2221.18 (9) A 3 
Z=4 



^(000) = 1088 

D x = 1.597 Mgnf 3 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 9916 reflections 

6 = 2.3-30.1° 

H = 3.12 mm 1 

T= 100 K 

Prism, yellow 

0.33 x 0.27 x 0.21 mm 



Data collection 

Bruker Kappa APEXII CCD 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and co scans 

Absorption correction: multi-scan 



6489 independent reflections 

6288 reflections with I > 2a(7) 
R int = 0.034 

Qmax = 30.1°, 9 m i n = 2.7° 
A = -12->11 
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(SADABS; Bruker, 2008) 

r min = 0.54, r max = 0.75 Jt = -12-»12 

34891 measured reflections / = -38— >38 



Refinement 
Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )} = 0.023 
wR(F 2 ) = 0.054 

S= 1.07 
6489 reflections 
266 parameters 
0 restraints 

Primary atom site location: structure-invariant direct 
methods 



Secondary atom site location: difference Fourier map 

Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 

w = V[a 2 (F 2 ) + (0.0234.P) 2 + 1.1 73 IP] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max = 0.001 
Ap ma x = 0.69eA- 3 
Ap min = -0.31 eA~ 3 

Absolute structure: Flack (1983), 2807 Friedel pairs 
Flack parameter: 0.002 (5) 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted i?-factor wR and goodness of fit S are based on F 2 , convention- 
al i?-factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > oiF 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. i?-factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


IT- *IU 


Brl 


0.47251 (2) 


0.185812 (19) 


0.380922 (6) 


0.01470 (4) 


Fel 


0.30161 (3) 


0.53063 (3) 


0.298698 (9) 


0.01275 (6) 


Fe2 


0.08967 (3) 


0.22678 (3) 


0.408373 (10) 


0.01436 (6) 


Nl 


0.57286 (19) 


0.66124 (17) 


0.43320 (6) 


0.0148 (3) 


Bl 


0.7399 (3) 


0.6249 (3) 


0.45489 (8) 


0.0203 (4) 


H1A 


0.7446 


0.6526 


0.4897 


0.030* 


H1B 


0.8157 


0.6795 


0.4363 


0.030* 


H1C 


0.7598 


0.5208 


0.4517 


0.030* 


CI 


0.2564 (2) 


0.5202 (2) 


0.37276 (6) 


0.0123 (3) 


C2 


0.3899 (2) 


0.60595 (19) 


0.36404 (6) 


0.0120 (3) 


C3 


0.3469 (2) 


0.7240 (2) 


0.33252 (7) 


0.0162 (4) 


H3 


0.4123 


0.7975 


0.3205 


0.019* 


C4 


0.1907 (3) 


0.7127 (2) 


0.32241 (7) 


0.0199(4) 


H4 


0.1337 


0.7774 


0.3026 


0.024* 
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Atomic displacement parameters (A ) 
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rel — C1U — rllU 


1 T/i T 

Izo.z 


pn pi i pi r 
Clz — Cll — CI j 


1 nc i/i /z\ 
IUj.34 (lo) 


p n pi i pi 
C 1 z — C 1 1 — C 1 


m ni ( \ £.\ 
133. Ul (lo) 


pic p 1 1 pi 

CI J — Cll — CI 


n 1 iq f \ ~?\ 
1Z1 .30 (1 /) 


pn p| 1 rv-.i 

Clz — Cll — rez 


£*7 on c\ n\ 
0 /.oy (1U) 


PI f P 1 1 FT , « ~) 

C1j — Cll — rez 


/com pi 1 \ 

oo. yi (ii) 


P i p 1 1 r 

CI — Cll — rez 


111 /;n / 1 1\ 
131. oy (13) 


p 1 1 pn pi i 
C 1 3 — C 1 Z — C 1 1 


1 1 n n*7 /i t\ 
11U.U / (1 /) 


pi i pn i) ,- 1 
C 1 3 — Clz — Brl 


HI /CO /1 C\ 

121 .0Z (1 j) 


p 1 1 pn o .- 1 
Cll — Clz — r>rl 


1 TO T7 / 1 1\ 

IZo.Z / (13) 


C 1 3 — c l z — r ez 


/U.3o (11) 


P 1 1 pn r, "» 

Cll — Clz — rez 


*7n oi /1 i \ 
/U.o3 (11) 


Brl — Clz — rez 


1 T7 T/1 /n\ 

1Z/.Z4 (y) 


p i /i pn pn 
C 1 4 — C 1 3 — C 1 Z 


1 n/i o/i /i o\ 
lUo.oo (lo) 


P i /i pn T7 „i 
C 14 — C 1 3 — r ez 


/cn *71 /1 1 \ 
oy. /I (11) 


pn pi i rr , x -> 

C 1 z — C 1 3 — r ez 


/CO C/1 /1 1 \ 

oo. M (11) 


p i /i pn iii") 
C 14 — C 1 3 — hi 1 3 


1 T/C /C 

Izo.o 


pn pi i 1 1 1 "j 
C 1 Z — C 1 3 — hi 1 3 


1 T/C /C 

Izo.o 


i~- -> p 1 t Tin 

h ez — C 1 3 — H 1 3 


1 T/C *7 

126.7 


pn pi /i pk 
C 1 3 — C 1 4 — C 1 j 


ino 1 A S1 H\ 

lUo. /4 (1 /) 


pn pi j 

C 1 3 — C 1 4 — h ez 


/n /C/l p| 1 \ 

oy.o4 (ii) 


PK PI /I T7--.T 

C 1 j — C 1 4 — h ez 


/n /CO /1 1 \ 

oy.oo (ii) 


P 11 p 1 /I I1 1 y) 

C 1 3 — C 1 4 — rl 1 4 


1 TC. /C 

IZj.O 


PI f pi /| TU1/1 

CI J — C14 — hi 14 


1 TC /C 
lZJ.0 


rr , x -> p i /i tu 1 /i 
h ez — C 1 4 — hi 1 4 


1 T/C /C 

Izo.o 


p 1 /l p|f P11 

C14 — CI j — Cll 


1 no nn ( 1 o\ 
lUo.yy (lo) 


p 1 /I pk T7 a '> 

C 14 — c l j — r ez 


/CO /Cl / 1 1 \ 

oy.o3 (ii) 


PI I p|f T7 „1 

Cll — Cl j — hez 


/cn m /1 n\ 
oy.y3 (1U) 


p 1 /l pk I I 1 C 

C 14 — C 1 J — rl 1 j 


1 C 


PI | PK TU 1 C 

Cll — Cl J — rl 1 j 


1 TC C 


i - . -> pi e TT1 C 

h ez — C 1 j — H 1 j 


126.5 


p i -7 pk pm 
Cl / — Clo — CzU 


1 n*7 an /1 o\ 
1U/.0 / (lo) 


pn pi / I - .. -> 

C17 — Clo — b e2 


/cn*7/i pi i \ 

69.74 (11) 


C20— C16— Fe2 


69.69 (11) 


C17— C16— H16 


126.2 


C20— C16— H16 


126.2 


Fe2— C16— HI 6 


126.0 


C18— C17— C16 


108.16(19) 
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pi i a r.1 pin 

C14 — reZ — Ciy 


1 C\£. f\H 

100.0 / (V) 


PK Cxi pin 

CI J — rez — ciy 


121.16 (V) 


z" 1 1 *7 L7 .1 pin 

CI / — rez — CIV 


/:o ti /n\ 
06.22 (V) 


P1Pi E a l / • 1 Q 

CZU — r eZ — C 1 y 


/in £i 
40.03 (y) 


pi | IT , « 1 pin 

Cl 1 — reZ — Ciy 


1 j / jj (y) 


pi o r\.~) pi n 

C 1 z — r ez — C 1 o 


1 T1 n"7 ^n\ 

123. y / (y) 


p 1 /" TT„1 pi o 

Clo — reZ — Clo 


£o c/i /n\ 
06.54 (V) 


pi i rr x ~> p i o 

C13 — reZ — Clo 


1 n/: on /n\ 

loo.&y (y) 


p 1 yi TT„1 P 1 O 

C14 — reZ — Clo 


121.3 / (6) 


pi r it , « i p i o 

Cl j — reZ — Clo 


1 rr ni /o\ 

iDO.yi (6) 


P i -7 r.i p 1 o 

Cl / — reZ — Clo 


4U.4/ (6) 


Pin it , « i pi o 

CZU — reZ — Clo 


/;o /IT /n\ 
06.42 (y) 


p i i rr , « i pi o 

Cl 1 — reZ — Clo 


1 /;n /;"7 /o\ 
loO.O / (6) 


pin rr. 1 pin 

ciy — rez — cio 


/in /i 1 ^n\ 
4U.41 (y) 


p-> 7 \T| po/i 

CZ3 — JN 1 — CZ4 


1 m QO f 1 &\ 

iu /.ys (io) 


P1 ■-) XT 1 pi] 

CZ3 — JN 1 — CZ1 


1 no n/i /i/l\ 
108.64 (14) 


PI yl XT 1 PO 1 

CZ4 — JN 1 — CZ1 


1 1 ri 1 -> ri/l\ 

112.12 (14) 


P1 •> \i 1 o i 

CZ3 — JN 1 — ril 


107.57 (15) 


PI /i xt i r> 1 

CZ4 — JN 1 — ril 


1 nn /: /i / 1 /r\ 
lUy.04 (10) 


P1 -1 \T 1 T"> 1 

CZ1 — JN 1 — ril 


1 1 n "7T /1 c\ 

110.73 (15) 


XT 1 I) 1 I I l A 

JN 1 — ril — rllA 


1 nn £ 

ioy.5 


XT 1 D 1 Till) 

JN 1 — rJl — rilrJ 


1 no ^ 

ioy.5 


III A D| TJ 1 D 

ril A — r>l — rllr> 


1 no ^ 

ioy.5 


XT 1 I) 1 u 1 p 

JN 1 — ril — rllC 


1 nn c 

ioy.5 


II 1 A D 1 TJ 1 P 

ril A — r>l — rllC 


1 nn £ 

ioy.5 


rllri — ril — rllC 


1 nn c 

ioy.5 


PC Pi po 

CD — C 1 — CZ 


in"7 C/; r"1/r\ 

10 /.5o (10) 


PC p 1 p 1 1 

C j — C 1 — C 1 1 


1 ->-> -7n r" 1 -7\ 
III. /0 (1 /) 


pn p 1 p 1 1 

CZ — C 1 — C 1 1 


no -7-7 / 1 /r\ 

126. / / (10) 


PC pi T7 a 1 

CD — Cl — rel 


/TQ r-n /I 1 \ 

Oy.53 (11) 


pn pi T?„1 

CZ — Cl — rel 


/;n -71 / 1 n\ 
oy. /I (10) 


pi 1 p 1 TT _ 1 

Cl 1 — Cl — rel 


134. /0 (13) 


pi pi PI 

C J — CZ — C 1 


in-7 1-7 r"1/r\ 

10/. 1 / (lo) 


pi pi pi i 
C3 — CZ — CZ 1 


1 T/1 C 1 '171 

124.61 (1 /) 


p i pi pi 1 

Cl — CZ — CZ1 


1 -> o nn / 1 c\ 
126.00 (15) 


pi pi C a | 

C3 — CZ — rel 


/;n ni 1 1 n\ 
Oy.03 (10) 


p 1 pi T7„1 

Cl — CZ — rel 


/:n 1 c / 1 n\ 
oy.15 (10) 


P1 1 pi TT„1 

CZ 1 — CZ — r e 1 


1 ->-7 nn 1 1 ->\ 
12 /.yy (12) 


p /I pQ pi 

C4 — C3 — CZ 


ino /;n /io\ 
106.00 (16) 


P/l PQ TT,, 1 

C4 — C3 — rel 


r^n nn / 1 i \ 
oy.yO (11) 


pi PQ T7„ 1 

CZ — Co — rel 


"7n n i ( i nA 
/0.01 (10) 


pj. c% W\ 


125.7 


C2 — C3 — H3 


125.7 


Fel — C3 — H3 


126.0 


C3— C4— C5 


108.41 (17) 


C3— C4— Fel 


69.59(11) 


C5— C4— Fel 


69.82 (11) 


C5— Cl— C2— C3 


-0.7 (2) 


Cll— Cl— C2— C3 


-169.48 (17) 



p| O pn TT^.1 

C 1 0 — C 1 / — r eZ 


*7n n /i 1 \ 
/U.3Z (11) 


pi/: pn rr , 

Clo — Cl / — reZ 


/;n 11 /I 1 \ 

by. ii (ii) 


p i o p i n un 

Clo — Cl / — ril / 


1 1^ Q 

izj.y 


pi/ pn LI 1 ^ 

Clo — Cl / — ril / 


1 n 
IZD.y 


r" , x -> pn I I 1 "7 

r eZ — C 1 / — rl 1 / 


1 1 

IZo.l 


p i -7 pi o p 1 n 

ci / — cio — civ 


1 AO 1 

lUo.l (Z) 


p 1 -7 p 1 O Cl 

C 1 / — C 1 o — r eZ 


/ZC\ 1 1 /1 1 \ 

oy.zi (ii) 


PIQ p 1 Q TTal 

c i y — c i o — r ez 


oy.o/ (iz) 


pn pi o iiio 
C 1 / — C 1 o — rl 1 o 


1 i/c n 
IZo.U 


pin pi o iiio 

C 1 y — C 1 o — rl 1 o 


IZo.U 


I- p| n TT 1 O 

r ez — C 1 o — H 1 o 


1 iz: i 

126.7 


Pi o pin pin 

c i o — c i y — czu 


1 AO A 1 / 1 A\ 

iuo.41 (iy) 


Pi o pin ci 

C 1 o — C 1 y — r eZ 


CC\ AT /"1 T\ 

oy.yz (iz) 


PI i\ pm r.i 

czu — c i y — r ez 


oy. z/ (iz) 


PIQ p i n TTi n 

cio — ciy — riiy 


1 0 

IZj.o 


Plpi pin i i i n 

czu — c i y — ri i y 


1 O 
1ZD.O 


r - , x -> pin ii1 fl 

r ez — c i y — rl i y 


1Z0.0 


pin pin p|/ 

c i y — czu — c i o 


1 m /:*7 ( 1 a\ 

lu/.o / (iy) 


pin pin r ,i 

c i y — CZU — r eZ 


*7A 1 a n 1\ 

/U.1U (13) 


p 1 /C pip, TT„1 

C 1 0 — CZU — r ez 


/ZC\ 1 1 /1 1 \ 

oy.zi (ii) 


pm pin 1 1") pi 
c i y — CZU — riZU 


1Z0.Z 


pi/ pin i n pi 
C 1 0 — CZU — hlZU 


1 T/i 1 

1Z0.Z 


r x i pin i nn 
r eZ — CZU — rlZU 


1 1/C 1 

1Z0.1 


/ • i pi 1 pii 
CZ — CZ 1 — czz 


1 | 1 11/1 C\ 

112.12 (1 j) 


pi PI 1 XT 1 

CZ — CZ1 — JN 1 


| 1 1 oi /1/1\ 

1 IZ.oZ (14) 


P11 P11 XT 1 

CZZ — CZ1 — JN 1 


111 A/1 /1 C\ 

11 1.U4 (ID) 


PI PI 1 TT11 

CZ — CZ 1 — HZ 1 


106.8 


pn pii 1 1 1 1 

CZZ — CZ 1 — hlZ 1 


1 A/; o 
1U0.O 


XT 1 PI 1 in 1 

JN 1 — CZ1 — hlZl 


1 A/i O 
1U0.O 


pi i pii T_m a 
CZ 1 — CZZ — hlZZ A 


1 AA £ 

iuy.D 


pi 1 PII I HID 

CZ 1 — CZZ — riZZB 


1 AA £ 

iuy.!> 


im * pii 1 1 1 1 
hlZZA — CZZ — riZZB 


1 AA £ 

iuy.3 


pi i pn 1 1 1 1 p 
CZ 1 — CZZ — hlZZC 


1 AA ^ 

iuy.!> 


1111 A PII I 1 1 1 P 

hlZZA — CZZ — hlZZC 


1 AA ^ 

iuy.D 


1 1 1 1 1) pii i m/' 
hlZZB — CZZ — rlZZC 


1 AA £ 

iuy.!> 


XT1 PII I 1 1 "J * 

JN 1 — CZ3 — hlZiA 


1 AA £ 

luy.D 


XT 1 PIQ I 1 1 1 D 

JN 1 — CZ3 — hlZiri 


1 AA £ 

iuy.!> 


TT1Q A PII I 1 1 1 D 

hlZiA — CZJ — rlZiri 


1 AA ^ 

luy.D 


xn pn imp 
JN 1 — CZ3 — HZ3C 


1 AA C 

109.5 


I 1 1 "J * PIQ TT1QP 

hlZiA — CZ3 — hlZiC 


1 AA £ 

iuy.5 


TTIQO P1Q I 1 1 T P 

riZiri — CZ3 — rlZiC 


1 AA £ 

iuy.5 


xji CIA T474A 


1 HQ s 


Nl — C24 — H24B 


109.5 


H24A — C24 — H24B 


109.5 


Nl— C24— H24C 


109.5 


H24A— C24— H24C 


109.5 


H24B— C24— H24C 


109.5 


Fe2— Cll— C12— C13 


-59.61 (13) 


C15— Cll— C12— Brl 


-178.14(14) 
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PC P1 P-> PT1 

C5 — CI — Cz — Cz 1 


1 "7*7 no /" 1 H\ 

1 / /.Vo (1 /) 


pi 1 p 1 p-1 p-> 1 

CI 1 — CI — Cz — Czl 


9.2 (3) 


T7~ 1 n p-i pn 
rel — CI — CZ — CZl 


-ill. DO (lo) 


PC P1 p-> T7~1 

C 3 — C 1 — CZ — r e 1 


—jyAb (12) 


pi 1 pi PI I-,, 1 

CI 1 — CI — Cz — rel 


111 7C /1 n\ 

131. /j (IV) 


pi PI PI P/1 
CI — CZ — C3 — C4 


U.o (2 ) 


PTl p-> pi p/1 

CZ 1 — CZ — C3 — C4 


1 "70 11 /I 

— 1 /o.ll (lo) 


T7~ 1 PI PI P/1 

rel — CZ — C 3 — C4 


rn AC ( 1 Q\ 

jyAD (13) 


P1 PI PI T7„1 

C 1 — Cz — C 3 — r e 1 


CO OA p. 1\ 

— jo.o4 (12) 


P-> 1 PI PQ T7„1 

Cz 1 — Cz — C3 — r e 1 


111 /II ( 1 *7\ 

122.43 (1 /) 


P-> PI P/1 PC 

CZ — C3 — C4 — CD 


a i /i\ 
-0.3 (2) 


l~ , , 1 pQ p/i PC 

rel — C3 — C4 — C5 


CA 11 / 1 /1\ 

jy.22 (14) 


P-> PI P/1 CI 

Cz — C3 — C4 — r e 1 


rn ci / 1 q\ 

— jy.j>2 (13) 


PI P/1 PC P1 

Cj — C4 Cj — C 1 


-0.1 (2) 


T7„1 p/1 pc pi 

rel — C4 — CD — c i 


JO.V4 (13) 


PI P/1 PC T7~1 

Cj — C4 — CD — r e 1 


en no f\A\ 

— :>y.uo (14) 


P-> PI PC P/1 

CZ — CI — Cj — C4 


A £ /1\ 

0.5 (2) 


P11 PI PC P/1 

Cll — CI — Cj — C4 


1 /U.14 (lo) 


fai r^i r^c c^a 
rel — Cl — Cj — C4 


en / 1 T\ 

— jy.Uo (13) 


P-> PI PC C „ 1 

Cz — Cl — Cj — rel 


en c*7 / 1 1\ 

jV. j / (12) 


p 1 1 p| pc T7a 1 

Cl 1 — Cl — Cj — rel 


1 in OA / 1 *7\ 

— 13U.oU (1 /) 


pin p/r p-7 po 

C 1 U — Co — C / — Co 


U.2 (2 ) 


fai r^t* c^~i r*Q 

rel — Co — c / — Co 


— jV.oo (13) 


p 1 Pi p/r p-7 I7~1 

C 1 0 — Co — C / — r e 1 


Cfl Q 1 / 1 /1\ 

jy.QL (14) 


p/r. p~7 po pn 

co — c / — cs — cy 


—U.2 (2 ) 


T7~ 1 p-7 po pn 

rel — C / — Co — cy 


en £ 1 /"\a\ 
-jy.OL (14) 


p/; p-7 po c . . i 

Co — C / — Cs — r e 1 


en i o n i\ 
JV.30 (13) 


p-7 po pn pin 

c / — cs — cy — C 1 0 


U.2 (2) 


T7~1 po pn pin 
rel — Co — cy — C 1 0 


co ni / 1 a\ 
-jQ.yl (14) 


c^~i r^o r*Q fai 

c / — Co — cy — r e i 


en la n ->\ 

j>y.i3 (13) 


p-7 p/: pin pn 

c / — Co — c i o — cy 


A A f)\ 

U.U (2) 


T7~1 p/; pin pn 

rel — Co — Clu — cy 


Cfl ( 1 /1\ 

!>y.o2 (14) 


p-7 p/: pin tt^i 
C / — Co C 1 0 — r e 1 


Cfl /"/I /I Q\ 

-!)V.o4 (13) 


po pn pin p/; 

Co — cy — C 1 U — Co 


A 1 /^>\ 

-0.1 (2) 


17^1 pn pin p/; 
rel — cy — CIO — Co 


cn 1/1 n ii 
— jy.14 (13) 


PO Pn PI/1 T7 a l 

Co — cy — c i u — r e i 


cn n-> i A\ 
jy.UZ (14) 


PC PI P11 P1-1 

Cj — Cl — Cll — Clz 


i in n /->\ 
13 /.0 (Z) 


CZ — Cl — Cll — C1Z 


— JJ. / (3) 


j- , 1 pi pii pn 

rel — Cl — Cll — Clz 


/I /I 1 /"3\ 

44.1 (3) 


PC PI P11 P1C 

Cj — Cl — Cll — CO 


/in n /"3\ 
-4y.y (3) 


P-> PI P11 pic 

Cz — Cl — Cll — Cl J 


11-71 /->\ 

11 /.3 (Z) 


I - . . 1 pi pii PIC 

rel — Cl — Cll — Cl j 


1/1-1 OO /1"7N 

-14Z.00 (1 /) 


C5— Cl— Cll— Fe2 


38.9 (3) 


C2— Cl— Cll— Fe2 


-153.86 (15) 


Fel— Cl— Cll— Fe2 


-54.1 (3) 


C15— Cll— C12— C13 


-0.6 (2) 


Cl— Cll— C12— C13 


173.31 (19) 



i ni 1 PIT T) 1 

Cl — Cll — C12 — Brl 


-4.3 (3) 


FT /"ill PIT T) 1 

rel — Cll — C12 — Brl 


1 ii on ( 1 c\ 
122. oU (1 j) 


C 1 j — C 1 1 — C 1 2 — r e2 


cn c\c i\ 
DV.Uo (12) 


P 1 p 1 1 pi T T7 a ') 

Cl — Cll — C12 — re2 


1 T7 1 

— 11/. L (2) 


p 1 1 pn p 1 1 pi/1 
Cll — C12 — C13 — C14 


n c /i\ 

0.5 (2) 


i) i pi i pi 1 pi /i 
Brl — C12 — C13 — C14 


1 "70 ">1 /1 1\ 

1 /0.23 (13) 


fa"> p i o rn p i a 
r e2 — C 1 2 — C 1 3 — C 1 4 


CQ A A / 1 1\ 

— jy.44 (13) 


p 1 1 pin pii rr 
Cll — C 1 2 — C 1 3 — r e2 


cn nn n i\ 
jy.yU (13) 


O - 1 pn p| 1 T7„T 

Brl — C 1 2 — C 1 3 — r e2 


i ii n /1 1\ 
— ill. 55 (13) 


pn pi i pi /i pn 
C 1 2 — C 1 3 — C 1 4 — C 1 j 


A 1 /1\ 

-U.2 (2) 


TT^T PI 1 pi y| p|C 

r e2 — C 1 3 — C 1 4 — C 1 j 


CO 0*7 /I A\ 

-Do.o / (14) 


pn pn p 1 /i ft,.") 

C 1 2 — C 1 3 — C 1 4 — r e2 


C O £A /I 1\ 

jo.oy (13) 


pi 1 p| /| p|f P11 

C 1 3 — C 1 4 — C 1 j — C 1 1 


n i /i\ 
—U.2 (2) 


r , x ~> pi /i pi r pii 
r e2 — C 1 4 — C 1 j — C 1 1 


cn m /1 1 \ 
-Dy.U2 (13) 


rn pi i pk rr x ^ 
C 1 3 — C 1 4 — C 1 j — r e2 


CO O/l /1 /1\ 

D5.54 (14) 


p n PII p| f p 1 y| 

C12 — Cll — Cl j — C14 


n a /i\ 

0.4 (2) 


p 1 P11 P| C p 1 /| 

Cl — Cll — Cl j — C14 


1 1 A 11 / 1 £\ 

—1 /4.31 (lo) 


fa") P 1 1 P 1 C P1/1 

r e2 — C 1 1 — C 1 j — C 1 4 


CO 01 (\ A\ 

jo.o3 (14) 


p n pii pi r rr 
C12 — Cll — Cl J — re2 


co m /1 1\ 
-D0.3V (12) 


p i P11 p|C CO 

Cl — Cll — Cl j — re2 


1 i/ o /: p. i\ 
120.50 (1 /) 


pin p 1 /T rn pig 
C2U — C 1 0 — C 1 / — C 1 o 


U.2 (2) 


rr pi/- pn p i o 
re2 — ClO — Cl / — Clo 


cn in /1 /i\ 
jy. fy (14) 


pin pi/ p n T7 a '> 
C2U — Clo — Cl / — re2 


CQ £1 /1 1\ 

— jy.oi (13) 


pu pn pi o pin 
Clo — Cl / — Clo — Cly 


n 1 /i\ 

-0.1 (2) 


r , x ~> pn p i o pip. 
r e2 — C 1 / — C 1 o — C 1 y 


cn nn /1 c\ 
jy.UU {[j) 


pi/: pn pio rr 
C 1 D — C 1 / — C 1 o — r e2 


cn 11 /1 /i\ 
— JV.13 (14) 


pn pi o pin pm 
C 1 / — C 1 o — C 1 y — C2U 


n n /i\ 
U.U (2) 


r , x -> pio pip. pin 
r e2 — C I o — C I y — C2U 


C O *7C C\ A \ 

jo. /j (14) 


pn pi o pm r,,") 
C I / — C I o — C I y — r e2 


C O "71 C\ A\ 

—Jo. /2 (14) 


pio p 1 n pin pi/c 
C 1 o — C 1 V — C2U — C 1 o 


n 1 /i\ 

0.1 (2) 


r , x -> pm pin pi/: 
r e2 — C 1 y — C2U — C 1 o 


cn-ii f~\ A\ 
5y. 23 (14) 


pio p 1 n pin cl 
C 1 o — C 1 y — C2U — r e2 


cn k /i c\ 
— 5y.l5 (15) 


rn n a pm no. 
C 1 / — C 1 o — C2U — C 1 y 


— U.Z (Z) 


ci pi/: pm pin 
r e2 — C 1 0 — C2U — C 1 y 


cn on /1 /i\ 
-5y.o0 (14) 


pn pu pm r.i 
Cl / — Clo — C2U — re2 


5y.63 (14) 


pi pi pi i pn 
C3 — C2 — C2 1 — C22 


— 3o.Z (Z ) 


p i pi pi i pn 
Cl — C2 — C21 — C22 


i/iiii ^1 o^ 
14j.jl (lo) 


fai n pi i pn 
rel — C2 — C2 1 — C22 


c 1 o ^'>^ 
J l.Z (Z) 


pi PI PI 1 Ml 

C3 — C2 — C2 1 — IN 1 


oo n /-i\ 
00.0 (Z) 


PI PI pi 1 XT1 

Cl — C2 — C21 — IN 1 


nn /i /->\ 

-yo.4 (Z) 


Cl PI P11 \T| 

rel — C2 — C21 — IN 1 


1 "7-7 A A /1 -)\ 
1 / /.44 (1Z) 


P1 1 XT 1 PTl PI 

C23 — N 1 — C2 1 — C2 


co no n nl 

58. y8 (iy) 


C24— Nl— C21— C2 


-60.3 (2) 


Bl— Nl— C21— C2 


176.91 (15) 


C23— Nl— C21— C22 


-174.18(16) 


C24— Nl— C21— C22 


66.6 (2) 


Bl— Nl— C21— C22 


-56.26 (19) 
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Hydrogen-bond geometry (A, °) 

D—H-A D — H H-A D-A D—H-A 

C21— H21-Brl 1.00 2.79 3.7154 (17) 154. 
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